venous obstruction is a variable factor. In general, as suggested earlier,1 when the site of pulmonary venous connection is near the lungs, evidence for pulmonary venous obstruction is not usually apparent. Such connections have been termed "short routes.7" In these, anomalous pulmonary veins terminate in one of the following structures: (1) the right atrium, (2) the superior vena eava, (3) the coronary sinus, or (4) the azygos vein. Absence of pulmonary venous obstruction in such cases has been explained on the basis of the minor degree of resistance to flow offered by the wide and short anomalous channel or channels.
At the other extreme lie the cases wherein the pulmonary veins terminate below the diaphragm. into the ductus venosus or the portal vein or one of its tributaries. Recent publica-tions2 3 have amply emphasized the existence of pulmonary venous obstruction in such anomalies. These have been placed in the category with "long route" connections. ' The basis for obstruction to pulmonary venous flow in the latter type of singly or in combination. These include (1) high resistance to flow offered by a long, relatively narrow channel, (2) crowding of the anomalous pulmonary venous trunk as it passes into the abdomen through the esophageal hiatus of the diaphragm in company with the esophagus,3 (3) the occurrence of localized stenotic lesions in the anomalous channel,4 (4) the narrow state of the ductus venosus in those cases where the anomalous pulmonary venous trunk joins that structure, or (5) interposition of the hepatic sinusoids between the lungs and the right atrium in those cases wherein the anomalous pulmonary vein joins the portal vein or a tributary thereof.
With regard to pulmonary venous obstruction, the relatively common condition of tota.l anomalous pulmonary venous connection to the left innominate vein occupies an intermediate position between the aforementioned two categories. Some patients with this anomaly manifest signs of pulmonary venous obstruction, while others do not. In this condition, it will be recalled, the pulmonary veins converge to form a common venous sinus from which an anomalous vein ("anomalous vertical vein") ascends to join the left innominate vein.
In certain instances localized stenotic lesions, as described in this issue in the report by Hastreiter and associates,5 may occur and contribute to pulmonary venous obstruction.
In addition, a feature not previously em-Circulation, Volume Two patterns of relationship between mediastinal structures and the ascending anomalous vertical vein in total anomalous pulmonary venous connection to the left innominate vein. Upper. The pulmonary veins join a common venous confluence. From the left upper extremity of the latter the ascending anomalous vertical pulmonary vein runs in front of the left pulmonary artery and then joins the left innominate vein. In the insert is shown the relationship of the ascending vertical vein (VV) to the left pulmonary artery (A) and the left main bronchus (B). No close relationship exists between the vertical vein and the bronchus in this pattern. CPV, confluence of pulmonary veins; LA, left atrium; LV, left ventricle; Ao, ascending aorta. Lower. The pattern in which the ascending anomalous vertical vein passes posterior to the left pulmonary artery and anterior to the left main bronchus. As shown in the insert, the ascending vertical vein is fundamentally compressed as it lies in a confined space between the left pulmonary artery and the left main bronchus. Also, as the pulmonary vein is compressed, the pulmonary a,rterial pressure may rise and the artery may become more tense. This would serve phasized, to our knowledge, until the recent report of Kauffman and associates" is the fact that in some cases the anomalous vertical vein runs anterior to the left pulmonary artery while in others it runs behind the artery and between it, anteriorly, and the left main bronchus, posteriorly ( fig. 1 ).
In four of six available specimens with this anomaly, which were recently reviewed, the anomalous vertical vein ascended anterior to the left pulmonary artery. In the remaining two instances it ascended between the left pulmonary artery and left main bronchus.
In the first type of arrangement, the vertical vein ascended anterior to the left pulmonary artery in the angle formed by the left side of the terminal part of the pulmonary trunk, the ductus arteriosus, and the origin of the left pulhuonary artery. Here the anomalous channel was relatively free from compression by adjacent structures with the possible exceptions as follows: (1) that it might be pressed forward by the left pulmonary artery and (2) that, as the right pulmonary veins curved forward to join the vertical vein in the angle mentioned, some external compression might be exerted against them by a tense, wide pulmonary arterial trunk.
In the second pattern the anomalous vertical vein, as it lies posterior to the left pulmonary artery and anterior to the left main bronchus, is in a confined space and is compressed by the adjacent structures mentioned. Beyond the fundamental anatomic basis for compression of the vein with the second course outlined, there are hemodynamic consequences of the compression that create a "hemodynamic vise." This may be explained as follows: As the pulmonary vein is compressed, the pulmonary arterial pressure rises. Resultant distention of the pulmonary artery will cause greater compression of the vein. sure. This will lead to more compression of the vein, and the cycle continues.
It is suggested that the specific relationship of the anomalous vertical vein to the left pulmonary artery, whether it runs anterior or posterior to it, will play a role in governing whether or not pulmonary venous obstruction exists in this anomaly.
The foregoing, it is hoped, will throw light upon the enigma of differences concerning evidence for pulmonary venous obstruction among patients with total anomalous connection of the pulmonary veins to the left innominate vein. LARRY P. ELLIOTT JESSE E. EDWARDS
Galvani and the Electrophysiology of Muscular Contraction
Galvani first began his studies on animal electricity in 1780 but prudence and thoroughness delayed his decision to publish his findings. He was performing experiments on nervous excitability in frogs (prepared in the manner which physiologists soon came to call the "Galvani preparation") when he observed that under the influence of distant electrical discharges, violent muscle contractions are noted if the lumbar nerves of the animal are touched with metal instruments. It should be related, in this connection, that a few years before, in Bologna, Floriano Caldani (1756) and Giambattista Beccaria (1758) were able to demonstrate electrical excitability in the muscles of dead frogs.
The significance of the experiment of Galvani was emphasized by Maiorana in his discourse during the Galvani commemoration of 1937. The phenomenon of the colpo di ritorno, which (in Galvani's time) could be explained as a simple effect of electrostatic induction, contains the germ of modern wireless telegraphy. "Great things have small beginnings. What in Galvanis' hands could move a muscle, brought Marconi's voice across oceans."
In the beginning Galvani investigated the effects of artificial electricity on the nerves and muscles of frogs. Later he performed several experiments on warm-blooded animals with the natural electricity of atmospheric discharges, assisted by his nephew Camillo Galvani.-Giulio Pupilli. Commentary on the Effect of Electricity on Muscular Motion. BY LUIGI GALVANI. Translated by Robert Montraville Green, M.D., Cambridge, Massachusetts, Elizabeth Licht, Publisher, 1953, p. x. Circulation, Volume XXV, June 1962 
